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.(54). ~ .Substrate for ion conductor and ion conductor 

($7) - A Substrate for aji ion conductor includes a poh 
ymer or molecule capable of sustaining ion conduction, 
and a boroxine rinq. The above mentioned polymer or 
molecule participates in and promotes! ionic conduction. 
The boroxine ring v is bonded to the above mentioned 
polymer or molecule, and captures: anions resulting 
from dissolution of a salt.! An ion conductor includes the 
substrate, and a salt combined with the substrate. In the 
ion conductor, the anions resulting from the salt are cap- 
tured by the boroxine ring, but the; cations resulting 
therefrom are transported. Thus, ion conduction where 
the majority of charge is carried by the cations occur. As 
a resuit canon transport numbers far' greater than usu- 
ally observed can be achieved. 
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Description 

RACKGROUNr) OF THE INVENTION 

. - r.-iroi' • "... w *: . !.'&<-' 

s Field of the Invention 



[0001] The present invention relates to a substrate for an ion conductor, and fnl^ilgirAi^^^K^^hm 
combined with the salt can be applied to solid conductors for batteries. 

..v .,' ~,'T c ly\t iJ£™"C ! < • i k'.-> ri j '." ->,.:• mi *r ru:i;.>'":ir:r."'.. »; .,; .••.■-■c*. -»-. ' * ,j ,q r ' 
,„ Dfiscrfetiori of the PriorfArt^ c t.w.i. c c. ; . . ?:o ;i- .-■ "j. c . i.-.vs -<r 9 *ir' ,s«--. v a »-»rr: v .;. 

[0002i : '^There'has be^ert^i 
&^le-fc all solid stat^lithium seconds 

thin films light-weight, and flexible. It is taw^lhatpotyeWen*^ H^JSP* 
rials to make batteries, because the complexes exhibit ion conduction. Accordingly, systems have been investgatec hn 
which alKafl metal salts which exhibit good dissociation are dissolved ^PSllff^^mf 1 ^^-^^^^ > 
oolyether chains promotes cation conductivity. However, polyethylene oxide exhibits high crystallinrty. andTow. ion con- 
SSMbttfitionm in-oWer to \tt%^^W^^,*^V^^^^m^ t °m m ' 

ble for promol^^ 

Odymettwl metrtacrylafe;- pctysiloxane.-or.polyph^ chairu-and. oligo ethe^cha^are 

Introduced into the main chain to constitute side chains. In particular, in order to reduce the temperature dependence c 
ofibriic <&nductrvityrotter^erre^^^ sid% cha, ps are introduced 

into oolyether main chains in a dendritic fashion. wot > 1 '^"fi-^ 

[00031 In thecbrhplexes^f ether based.polymers.and.alkaU-.meta! .sate.Jioweyer._not only th^catqns but alsc .the 
anions' are likely i3rnw«?VVhe^^ «??»^?&*«** ( : 
face with the electrode and the ? dc ionic conductrnty- deaeases 'as-tiroe elapses. Therefore. t sinale ion,cpr^uc|ors. tn ., 
which only cations move, are better than other ibn condUcter^irKterOTS;of: the app|.i<ation r of,ion csnductorsMbattenes. 
' In order to 6btaifi sirYQ»e ; catidn ^ concJadtioh^it ifrneoessary to fix4neanions:to the polymer ; chains; lattns case. ion pa.r- 
inq between the cations and fixed anions hinders the rnotmn. tf the=cations.rt^^ eations. 
As ^result, ttie ion-conductivity o^^^'sharply.insysteOTS%^ft.apl(Ww.«llph as. carboxylaie.or su.lphpijategroups. 

[0004] tt is possible to think of the following counter-measures in order to reduce the ir^e^-oj^^pai^. 

lfeuri6rt'of'& 

.. i- _•• _-< t _ ^i-^jf ii./ u:«^i rt , ^ rt ^w\arh,Af tho MtinnR towards the anions*, ano 
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[0005] Several ideas have been proposed to reduce the influence of ion painng. because the P^M«» 
reduces the^ cation rno&lify as described above: -For example..dapanese Wnexamined.Patent Publication (K9KAON0. 
8.339^t^sd6^'1he1hlroau«86ff-6f electrophific groups iritoipolyrrier chaiosio attract the.electror^at the center of 
40 the anions, thereby lowering the electron density at the center of the anions. Accoidingly. the electrons are less easily 
removed from the anions which are thus InhWtaaJr&m.^ praciuceji single 

ion conductor, because the anions are not fixed therein. _ . . . . „ „,- Q 

!j ru066Y '' J lri ; WliterktuVe. D. B'e'nrabah/S. Syila; F. "ABoinf. Jl* M. Sanchez. M.- Armand.tBectapchim. Acta.. 40. ^59 
•(1»5frepc¥tWMt^'lh wH^ Irthium sulfonate Is fixed to a polymer. ; The m^.vm&j*****^^*^- 
43 oalkyl group, and works as an electron-withdrawing group. t --.Wo : x ^ ' 

' ; R)db7l'* r Hbv/eve>/ these ^ on.fixing anions. orto. the {^ymers.,, In. other words, th^ 

f esultMg polyVn^rs have a' structure 1 in which the anions aretfixed onto the polymers during the synthesis,. Itjs necessary 
' to c^ b^ dlfficuft'reactior« W which ;the anions fixed therein.; ^ .. . 

50 n ' SI IK/IMArV 'OF THE INVEWTIQN - Wv.:-c f .r.^ t,v.:>/ . -i s .;• -j^t ; ... 

[0008] The present ^fWentibh ; hasbfe^ ctrpiimstanc^. ttjs therefore the 

: obi&t of trie presort ^4m<m pr^idtf a^bs^Wfbf an ion conductor; 'andean ion conductor which shows enhapced 
single tori cdrSuctfoh & ra>m^ -^^-3^ ; ; \ : > - w ^. - . 

55 [0009] A r sute^t^ ^ s " 

a polymer or molecule capable of sustaining ion conduction; and , 
a toroxine ring bonded to the above mentioned polymer or molecule capable of sustaining ion conduction, and 
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which captures anions resulting from a dissolved salt. 
[001 0] An ion conductor according to the present invention comprises: 

s the aforementioned present ion conductor substrate; and 

& r salt combined with ftS'sufefrate. * " r v/t ' - r • • • - ' • * "> - ■< ' ■ *.--. -v if/, 

[0011] The present ion conductor is a combination of the present ion conductor substrate and a salt. The boroxine 
ring structure is present in the molecules or polymers of the ion conductor. Boron atoms in trie borowne t ring are ^eclron 
10 pair acceptors and the boroxine ring accordingly strongly interacts with the anions (i.e., acts as an anion trap), thus, 
' v when thS'sStt k 'jdiss&viib'in the present -ion condu<to by *he t bprpxine ring, 

ThL&fih [the ' prSSSrit conduct. Wep'rbpdrtidh ofGhargetransported bythe cations is greatly ephariced.As aj:esult, 
• " ' high &ti6n tfansport hu^^caK B^*obtained f 16r i th6se ton J conductors.- ; c -. :-v^ . r-,:.., . 1 - 

- - : ^ E • " »*»•;»; -^:'j^xs eb:xt tJ\;i A ev-r/: ♦ W t . . * ::> rv \ ; -\-;n ^h;.-..:* - - k . 

[0012] ' "A % <»Wt0iete '^rtoiatoh of the present invention andomanyrof rte advantages be readily obtained as 
trie ^/l&c&mes 1 bett«* uncferstdbci by 3 rfefer ence-td the following detaiferi:descriptioo vyben : consid^^.in t <»nnec^.on 

• iiiritn'tK^a^ 01 the.disd<^ur>: J: . V( * - ;rjy ; ;: . 
20 : ' nr *' '' : ^ J ' : *- ! ''^*' ■ J " ^-c oj rr •». 'n ( -^ . >-.! ..vjst,;- • r> ; o*: - :>ti r- vL^.-- c^-- 

u '^Hg.' f is an fnfrared ^ectrt^-d?^an ton 'conductor, substrate! of a -Best- Preferred £mbc^im^.;ac^ 

present invention; ^ - ■ n : aniei-- >. \r*r ~\ < *voi 

- *i r -pg 2 is an infrared spectruhf of an"example of ion corKluctors^^ [VU^j 
"Fig. 3*is : a graph illustrating thelreiatibhshp between *et^tiw l boraxtne ring=<x>nterMi(expres$eri as the molar ratio 
-jirf tH<i to^ the.ipn e»ndudtiyity c the relationship which 

'"^'^''v^exhtofted'by tfie ion cdhductbts-^ the'"Rr^. Preferred! Brtbodirnent-; . «s. rus-j : r.H i.- v * 

r Rgf 4 is a grkptf iliustrafing ftife relationship'tjet^een thecterrperatUre : and/ion cppdu<*r^^^ reladonship.which 
a: K>cr ^s'^Siibitea % r th¥i6»'dGixl^6^of ths First RreferredvEmbodimem; ? noias U /Jt b ^, >r.o:^ ^ . 

• "'Ftg; 51s a gr^hSlJuWtratin^ ^e^el«i6nship^behviE«n.the t nu^ of imcrfs^^tetraethylene glycol fTEO) and the |on 
30 conductivity, the relationship which was exhibited by ion conductors of a Second Preterred. Erribodirrier^.ac^ding 

^uo'M^^ V graph- HluSfitSng ffie^reiatibnfehiprrbetween thed»nperature,pnd jorvcc^uc^^ 
~ r -* : ' : v^'exrtfoit^ r by r ^ -.^ cm y.^.; y 

■£ vom js-^ij g^h"nius^tir^'th4 relatiohshipt>et^ 
35 the r^ationship which was exhibited by ion conductors of a Third Preferred Embodiment according to the present 
' irivention; arid er ' ^^v^c .i .i-..sqr.o; *cc, ^uiio. ft"jfo w ». v .j^.voqo.o . ; v.v .,3:j*v.-2 fiO.y 
- 5 'figTb is a ^aph ilJU^ting-thfe^eiaidnship b^tweertthe-ternperature and;iQn cp^u<$yity. : the rel^pn^p,wjhiai 

• *Wa^ exhibited By th&lbn oonductors of the^Fburth Preferred ErrtKWlirnent ^ccording to the pr^r^-inver^on. . . 
-*.( ; mortis- e v u ,o^.»A .;-.nr u . to -err^c b-V* > v ^ "• yt. « a 

40/' DETAILED DESCRIPTION QF THK'PRPEERBED. EMBODIMENTS-? ■ t , , y; yK ^ . L ; > V, V,,*.. 

' *' f 001 3] Having generally "described the pr«SOTt Inventibn/a furthertinderatancfing.cgn be obtaiip^J:by r^rence. to the 
* ^edfic prefen-^ embcx/irrie^^^ herein for. purposes. of ^iUustrafiorvortly a^ ( ve^Jrt^Qd ; tQ jimit 

the scope of the appended claims. .^.c-:, r • :>rw?> . •. • r ^ w * , u 

45 r - [001 4] The present ion i ddndiictor substrate porrprises.ofra polymer, or r^ole<^.Gapa#e jswstaining ion con^uqtion. 
' and a boroxine rtftg. The aha^ fhShtioneid polymeR^mbleculepariti^pates in or pror^otieionic cpr^uctip^^e ; torcsx- 
ine ring is bonded to the ^abdve^nerrtioned polymer or molecuteand.cqptur^anipns Tiesuttipg tomdis^Gluti^ri pf £ i^lt 
For instance, the present ion conductor substrate contains many boroxine rings, and is usually a soft ^olicl The boroxine 
rings trap the anions resulting from the dissolved salt The polymer or molecule fe^espK>nsWe for^susteinipg t^e t ionic 
so conduction of cations resulting from the dissolved salt 

[001 5J In a further aspect of the present irtventidn.ithe Jwrpxin&png c§r* be. a.trjalkqxytorc^e. 
'* [0016] tn a further aspect of ttr inventioni.theipolymer ort nr»I^CM)§j^l^«C?f sustainingjon coniductton can prefer- 
ably include an ether chain. The ether chain can preferably include ethyl rether v or prjof^^eth^r unrts..Eor example, the 
ether chain can be one expressed)by (-CH^CH^rOi), Sp^i^ly; the^lymer or r rr^ ion 
55 conduction can preferably have a structure expressed by the following chemical formula (1) and/or (2): 

V / "Li :* virvit; * v . * ■ ^ - ■. * • 
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"\ vis v r- vz \'it- . 



>' ' e^(GH2CH20) n eH3 

*t : 'j jjj; -vyU ..1 o^'-i... 



- ^ : • - (1) - -^riiv- .... 

i-rLJo 1 - Jvn ■ ^*.z:*C2 ' ,- \ r..i; f. . £. , , yj; 

■» '"^3 i^&ri ■ .>r» >i »*■ m- 5 ' 5 «.: n>i* r "i 

r iiT^"-;; Sirs* - ■v-;-- - s-r-7 * 

^ > ^"^c^ »*fi i ; t U- Jit 
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[001 7] For example, the present ion conductor substratec^n be readily synthesized as follows. The Polyethylene gly- 
col (hereinafter abbreviated, to. "PEG"), ^polyel^ene^ycol rnpnomethyl ether (hereinafter attoreyiated?to f "PEG- 
MME") are mixeb iri a 'pr^etehxiihed ratio/and boric oxide (^0 3 ffe : ^ 

of moles. Then jthe resultant mixture is heated to prepare tSe present ion conductor substrate. The components are 
usually solved in a solvent to carry out a dehydration-arri^ndensation reaction. In addition, the reaction mixture can 
be admixed with a poiyfunctional trioi, glycerol propoxylate (hereinafter abbreviated to "GP") to form cross-linking 
points. As a result a much harder solid substance can be obtained as the resulting product The PEG used to prepare 
the present ion conductor substrate can preferably be one having an ether chain lengtti described by the number of 
r peat units "n" of from 2 to 9. further preferably from 31o 9.,. . [ 

[0018] Suppose that the proportion of PEG be expressed byi (2 + a) as recited in the following reaction equations, it 
can be up to 3 md. preferably 2.6 mol or less, further preferably 2.0 mol or less. 

3B2O3 + (2 + a)PEG + (2 - 2a)PGMME — * POLYMER; or 

382O3 + (2 + a - b)PEG + (2b^)GP + (2 - 2a)PGMM#U POLYMER. 

Moreover, instead of PEG. tetraethylene glycol (hereinafter abbreviated to TEG") can be employed in the synthesis 
described above. 

[OOt 9] thfe present ion conductor is pteparejd-by abiding j^e »lt-tp +he thus prepjared present ion conductpr sub^>trate. 
The ariidnsresultihg;from dissolutiohrdf^e.saitar^gnric^ tji *ie c^pns raiting 

therfefrbni can bibve freeiy via the ethec chains. As ^ r^u^^e : pr^ntJon^rd^ can^exhitit high ion cpnductivity. 
WHic^can beTasc^ed pr^dmi^^^^ > r:^ - 

[0020] '-As tor the etectrolytesait.tan alkaU metaksafc.pr^ ^ coirtjined for use^wrth the 

present ion conductor substrate. The alkali metal salt can be aJithi^^t ; Fot; in^tanpe. ^e lithium s^tt can b T e ^t least 
one member selected frohvthe;group bonsisting:^y(^F3SQ^2^:^P?3S^ u P5s.' - { 

[0021]" inttfe present ion- conductor.- the.ratio. between tfte numbervof.the t boroxJne nng^ of limiun^ ,10ns 

resulting from the 'IHhium salt can preferab^Hn#^ range of fipm i: 1 tozW&toe ^roxjne ; nrigs wit^ respept tq one 
lithuim ion. In particular, the ratio of thejboroxine rings:vwth t r^^-tp i pne lithjum ion r can,fun^^rTOre preferably. be at 
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around 2 : 1 (i.e., the number of the boroxine rings. : the number of the lithium ions = 2:1). 

[0022] In the polymer or molecule of the thus prepared ion conductor, the bordxine rings work as an anion trap and 
are present in an appropriate amount Accordingly, the anions resulting from dissolution of the salt are significantly 
immobilized by the anion trap. Thus, ion conduction can be carried out where the majority of the charge is carried by 
the cations and high cation transport can be obtained. The conductivity can be enhanced, because the anion trap 
formed in the present conductor does not hinder the motion of the cations, which is sustained/promoted by the ether 
chains. Thus, ion conduction results predominantly from the motion of cations and .^tion.tnanspprt numbers can be 
improved to a level which has not been available so far m ion conductors ,<»ntair}ing dissolved salts. 
[0023] The present invention will be hereinafter described in detail- with reference to the preferred embodiments. The 
preferred embodiments of the preferred ion conductor substrate and the present ion conductor were synthesized 
according to the reaction route set forth in following chemical reaction (3) under the conditions described below: 

3B 2 O 3 + aH0(CH 2 CH 2 0)mH + bCH 3 0(CH 2 CH 2 0)nH 



A 
-H 20 



iT"..U 



«:* A 

rv ^ * \ 



0^(CH2CH20)nCH3 
i 

o' B ^o 



0-(CH2CH20)m 
i 

cr B Y 




0 ; :.*c}7*V, r-J 



life " ^_J.y-r;~ 
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t -»w^-^^ r : rl .y. ,c: r..*i.-,; a- . . ?. ;-v; 
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PO^YIvIER. ELECTROLYTE 



J [0024] ^ -a" rfor PEG and'Ti" rnoV* PEdMME wer e -dissolved in tetrahydrofuraa For example, PEGMME had a weight 
average rholecular weight 1 of 36o/The>&ultaht tetrahyarofurah solati6bwas;admixed wrth ; 3 molBgQ^ en#wa$ .stirred 
so and h^kted at' 120°C undef'a nitrogen gas ffc^tb'^mote the arid to remove the .tetrafiydrofuran and water 

produced in the reaction. ThVreactfon lo&k'a^ 

tor6 was held at * c for atout4 h^s to ren^ The preferred embcdiments;gf the 

pretention conductor substrS^ wWe ^ . . n i . -r*rv^ ,;v ■ 

[0025] ' " A drited tetrkhydrof uran 'sStrtion ''\^ ; ^^''tD-l^ r r&ulting -preferred embodiments ofthe. present conductor 
55 substrate were added to a dnl^ tetrarr^ Ndevthat'the'dried t^trahyd^ p-Jith- 

iurh sah in a pr^eterrftned raiSo wltti rfespefct to the bbroxihe rih^ in^olved'in the preferred.embodiments.^The rnixture 
was stin-ed at room terrp^niure 7 for : i241iburs until Tt was hdrncfgerieous-rThereafter, the solvent was evaporated to dry 
the reaction product The preferred embodiments of the present ion conductor were thus prepared virtually stoichiomet- 
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a. si , * 

rically. Note that the reaction product was handled under a dry nitrogen or argon atmosphere to avoid hydrolysis. 
First Preferred Embodiment 

5 [0026] The above described synthesis>of the present ion conductpr v sub^te was carried out with the foi{pywhg molar 
composition: 3 moi B2O3; 1.6 mol PEGMME; and 2.2 mol TEG whose, relative boroxine ring contert was Bx': Li* = 2 : 
Inhibited: liY the'H^uftihg pbfyme? (i e-i the present ion conductor.substrate). on average, ,0.8, me^ terminal^ pii- 
gqether groups were bohded tb one boroxihering. Fig.: 1 illustrates the fc infrar^d.spectrum pf the present ipn .conduct^ 
sdBstrate: ^ v<^1>r*c>c '^T;,:;:i^.rnaM5J-,v r-- v^r/jft . ,\ , *. ■ ^ 

70 [0027] r, ftc6or&^ ^"e^jm^showri?in ? Figy.1 . the structure otthe<product was determined based, on the 

preS#ice£f the peSks in Wregidri'l*. 300-1,400 arri and ett 980-1,028 cm%1 putting ftpmthe §rO bond, auxlttie pres- 
ence of the peak at 717-721 cm" 1 resulting from the boroxine ring. : . 
[0028] UCF3SO3 was added to the present conductor substrate in various amounts so that the following ratios of 
boroxine rings (Bx) with respect to one lithium ion (Li + ) were established: Bx : U* = 1 : Vfl^S ..; \ 2 : .t ( , 3 >:,1,: ( 4,: ,1, 10 

15 : 1 and 20 : 1 . Thus. 7 present ion conductors were synthesized by the above described process. Fig. 2 illustrates the 
infrared sp%ctfurr? of one of the 7-pr(^^ ib^dnchjctors whose ratio of boroxine rings with respect to pne : UtWum ion 
Was 2 : 1 ^/Bx rti*- 2 : • - • : -*3' - ^ - ^ * j^O?: ,:-r £.5 C ^a.^k yj 

[0029] Rg. 3 illustrates the f relatibriship between the ion conductivity^^ content^e rela- 

tionship which was exhibited by the present 7 ion conductors. The vertical axis expresses the logarithm to Base 10 of 

20 the ion conductivity, and the horizontal' axis ^ress^Werelative bbr6xioe:contenttas the value Bx : Li + . Note that the 
present ion conductor whose relative boroxine ring content was Bx : Li + = 2 : 1 exhibited the maximum ion conductivity. 
[0030] ' ' Fji' -i iHuWat^tte leiatioriships between-the ton conductivrtyand thertempej-atuje, the relationship which was 
^fc r it^ : by1he'^«ent-7 ibh condu^^ 10 of , the ion cpnduct^vjty. 

arid the horizontal axis expresses the inverse of-the absolute -teriiperature: multiplied by.aufactorof .1 l .0pb-(i.e c . [ (1/T) x 

25 ■ 1 bOO j? Bkewi^erffi^^erff ifin condi^tor whose relative rboroxrne ring content was-.Bx : Lit- 2 : 1 exhibjt^j better ion 
conductivity in the room temperature range than me other present ion conductors^ \V * tv: % T „ s^.zy ,. ? T!j! 
[0031] The ion conductivity was measured in the following manner: the samples (i.e.. the present ion conductors) 
were sandwiched between stainless steel electrodes, and ion conductivity was determined by the AC impedance 
method. The cation transport pum^ ' n 

Second Preferred Embodiment ^^^^'^f^ ^^^^4" 

[0032] The above described sy^esis/df the present ion conductor substrate wascafried out by modifying the molar 
composition as follows: 3 moi B^p^ + a) mol TEG; ^nd (? 2a) mol PEGMME. Ukewise. PEGMME had a weight 
35 average molecular weight of 350. Accor^ingiy. the synthesis was carried out with *fe following chemical equation: 

3B2O3 +,(2 + : a)XEG + (2 c 2a)REGMME POLYMgR [ 

. Moreover, the molar content pf f EG 7 0$5.. (2+ a)) was changed variously for each synthesis as follows: 0. 1 .5. 1 .8. 2.2. 
40 2.3, 2.5 and 3.0. Then. IJCF3SO3 was,then added to the resulting 7 polymers in order^tp obtain a boroxine ring : U + ratio 
of 2 : 1. Thus. 7 ion conductors were T synthesiz£d by the above prc*:ess.—~ — ^^ 

[0033] Fig. 5 illustrates the relationship between the ion conductivity (at 30 °C) and the molar content of TEG (i.e., (2 
L + a)£ th^relSfidr^fiip which was exhibitecl by the resultant present 7 ion; conductors. illustrates^the relationship 
between^V^ ai^t^mperattire. the relationship which was exhibited by A ipf .the present 7 iop.conduc- 

45 "tcxs whose moi^$britent of TEG (\le: t (2 + a)>"was 2.2 or todt'e: It can.be undersftood from the graph §\a\ as the molar 
cprneM^ TEG^i-ei ( 2 + ^)) increk^ect;4he ion conductivifir decr'e^sed^Noteithat the increment csf the molar content of 
TCG* e I .e.."(2 < ^¥)y mea^'ttfe' iitoemerit'Of glycol chairfe Used in the synthesis of the ion conductor ^.substrate. Asshowh 
In Fig: 5! W pr&ernXon condiictbre wwtomed^'UvnsOQbsliqQ content of TEG (i.e... (2 + a)) was 

6 mop'tlT^ wfer^ torm6<§ as a &ft^i<^ corttent of TEG (i.e.;:(2 +-a)) approached, Z mol; and 

so feey were lofm^ as a hard dnd s^'solki-wheri W^^-^e^ iof^G^i.e,? *(2' .was .3 mol. ; , 

•-^^^^•p^Wrf-hfent 5 *»-^<: ^ bento ^^.-r. "ti ,-Jr • ^ , 

[0034] !n V^^^V^^tion thW : ^ by the number of 

55 repeat units "n" w^s varied in VstagesOie.; rt K" ^ : 2. S:4;T^'&-7)::^>the.mblat compositionrof B2Q3. PEG and PEG- 
MME' was fix^fthV prW^ of ^e Third Preferred, Embodiment were synthesized as 

described above. Likewise. PEGMME had a weight average molecular weightldf 350. Specifically; the synthesis was 
earned out according to the following equation: 



6 

V 



20 
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3B20 3 + 2.2PEG (e.g.. HO(CH2CH20) n H) + 1 .6PEGMME -» POLYMER. 

Consequently, cross-links were formed in the polymers and their length varied with the length of the glycol chain. The 
□CF 3 SC^%as then added to theresuiting 4 pdiymers-in order to obtain a boroxine ring :U + ratio of 2 : LvThus, ,4 ion 



s conductors were synthesized b/the above process* v. ' • .'- * t ■/ vc.. > •; v 

[0035] The ion conductivity of the present 4 ibn' conductors was measured at 3p o G;;Rg^£ illustrates ^.relationship 
between trie iori'corBuctivity and ^Iyethy1en#gly^ unjts/n\.As illus- 

trated in Fig. 7. the ton conductivity exhibited by the present ion conductors increased as the polyethylene glyOT£ chain 
l^gth r becamiidngeri Wi^ tHenunlb^rfdf rfcpeatvunits *nT iwa§2/thepresention^r^uqter^ were §,y$lli^sh-frowh 

io "or brownish-yeflow harcl solid. On- tfie Other -hand, when : Wnwas a.7;:the present ion, tgpnductors fermed a,soft semi- 



solid. 

v;» : ; :;.i>7 „*.„;<>• ^ i 
' Fourth Preferred Errtaodmenfr 



•i: hi'-' • 



, men -i-utiL.--; 



■ \i . Yc 

is [0036] " v %e36fave"de^cri6ed syrtthe*Ste*oWe present ion? conductor.subgtrate waSjQamed out by.fixjng t^e^lar cprn : 
position as follows: 3 mol B2O3; 2.2 mol TEG; and 1 .6 mol PEGMME. Likewise. PEGMME had a weight average rnpU*c : . 
ui|u- weigfit 3S0: ^ * .-. ,t»'»v 



... O. ^ . 

■._iv:"i;j!r,r.r> * ^ ' ■ 



2 M/£wety of litfiilnti salts assisted in liable VbeloW were>added re$>pec&vety fefcthe i^ultinj^p^ynier, to giye : a ratio of 
boroftnV-ring : ; Li* 6f ii 12fisfe.p8*.:-1*^-2:r 1)?^uis;.ithe?0resiartt -^kHiTpnductors were syngwsjzed.by .tyjg, j*bo^ 
de»ib6d pjW&ss^£(^ It- os!.-- b " 

[0Q3V] J The idft cbrTdurtvl^ of ^ conductor, without added fith- 

2S ium salt was measured at 30°C. Tha resuHferare suirta!acfe€^fl7:?&&|ei J,.- ? _ jr!- aqn»j ? 1001 £>'i; 



30 



35 



40 



45 



50 
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3 V r^ft' -r-j 





} i. >r z)\ 7 i rr ~if.*Zi t J '' ".T 


^ i*'». e .,-r. ^:ii^'o; ; o* ear ; 








n<ic- no i .f>:-*xr 






Electrolyte Salt 


a/Scm' 1 (at 30°C) 






U(CF 3 S02) 2 N 


1.6x10° 


not meastred 








. 0;75;<&t ? 35 o C) 
*0.75(at20*C)' 




UBr 


9.5 x10" 7 


not measured 




ucr - ' 1 - 




'6^88(at26°C) 








pot measured. 








not measured 



*■ [0038] 1 " As list^ln Table- 1. the maximum ion cc^uetivjty was exhibited, by r .tl?e ton consl^prfe <x>ntaining 
Lj(G^ 3 OT2)2 N as the dissolved saltli^ote that the magnitwde ofcthe ion conductivity varied with : thejitfiium salt^ ^ 
[0039] * Fi^. 8 is a QrapH illustrating the relationship, between ion cqndu^tivity and temperature Th? relatipnship was 
exhibited^by'merprfesent 6 ion conductors. a£AwfeU asM* ion conductor without- added lithium salt Concerning the ion 
conductivity, art important feature was observed in me system q^nt^ning fJQ. UCI.usiJaljy ^teswh/es negligtoly in poly- 
ethers which contain bnly a smafrfcroporfon o* of t^HJhiuro.sqJt ran, usually only be 
effected when the Energy of dissolutidncompensate? for th0^ of.the ^ce v fnergy of the salt $ince ^ijpn interaction 
with the polymer is usually 'riegligflae ; .th^^ thd strength of 
the Li* interaction with the oxygen atoms on the ether chains. However, as illustrated in Table 1. the ion conductor con- 
taining UO exhibited a very high Li + transport number t+ combined with significant ion co r n^tiyity T \n vjewpf this. it. is 
believed that in this ion conductor, there was a very strong interaction between the anions and f the boroxine rings (i:e.. 
the GT ions were trappetfby thaboroxinfc UQI and accounted for the high 
U* transport number. The>\j? transport ttun*er^^the;systenre containing the salts UPF3SO3 and LiBF 4 were also 
very-high. Accordingly/it-is understood that-there is a strong interaction between the boroxine rings and the anions of 
tha fofmailustratediin (4) (a)*or <4) (b). * «. • 
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' ' B i ^ - a (4) (a) 



/ D <,:r-C v 



t 

70 



.." : ?c .; > .i- ;-\vb^Lr; > ?■ ^ .niL^t/O - A .Ky'S'i ^ A- " -J'&J .M 

20 .*>l*-X* .H .0 ;3- i.p£ i t ^: >.B>>-^ ^ ,\C * J ;?c*.y eintf. l.fciT .br:; -"v V b->r> o-^3 .v # ^v,G ~ 

25 -.^.^ v-.r". ^.^'f'^r. H ?ny Hf; 1 ^> r., -\u- : b ^*irv 0 r^-ior K . .^:>t r-j- v r.z-'wr"! *i. ^^r^i^ r^vj^ 1 ?/^r ; 

between frthium electrodes and a.constarit ■<w&m^&&mP&% ft ^.that at end of *is gengdjie ; , 
lithium electrodes remained^shiny;c>' ;= v^: o :^ ^^1:^, ( ur;^::-; ~* »>'r-^ »- -vca ^it oi'-r*^-'^ c : ^.•i'> 

FrftH Preferr^ .Embodiment - * v. r*^v*r:i>~: ^no^^fr^:: + * x v > u /.^c ±v -ncnl 

[00411 With the exception that trifunctional GP (i.e.. glycerol propoxate) was addedjnprder Jp.^nr |he. rn^anical ;r 
properties of the resulting polymers; and the molar composition was modified as recited in the following chemical equa- 
tion the present ion conductor substrates of the Fifth Preferred Embodiment were synthesized in the same rrannecas 
described above. GP had the chemical structure as shown in the following chemical formula (5): 

40 ; .l'£','t:r. z ; H'sj * i-. *• . s ■ -..r jr 

HO(CH 2 CH Z CH 2 0) 3 - 6 C- CH 2 (OCH 2^2 CH 2>3 -6 OH < 

.. CH 2 (QCH2CH 2 CH 2 ) 3 .60H ■ ^ i; . ; 

, 

50 

Ukewise." PEGMME had a weight avei^ye i^ecul^w^^of^ carried put accord- 

ing to the following equation: 

55 3B2O3 + {(4.4 - 3X)/2}TEG + (X)GP + 1 .6PEGMME -» POLYMER. 

UCF3SO3 was added to the resulting 3 ppiyrriersttoWa Wcxine ring; U + - ratio of \ Thus, the pr^errt 3 ion con- 
ductors were synthesized by the above-descrfoed process. 
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[0042] The ion conductivity of the present 3 ion conductors was measured at 30°C. The results are summarized in 
Table 2. ■* 



TABLE 2 



X: Molar GP Content 


a/ScrrT 1 (at 30°C) 


.0 


7.1 x 10"° -* 


0.6 


1.0 x 10" 6 


1.47 


1.5 x 10' 7 



[0043] As illustrated in Table 2, the ion conductivity decreased as the proportion of GP used increased. The ion con- 
ductor containing the maximum proportion of GP (X = 1 .47) shewed extremely good mechanical properties. When the 
sample was pressed, it was easily deformed but maintained its shape over long periods of time. 
[0044] According to the literature [(1) J. Evans. CA Vincent, and P. G. Bruce, Polymer, 28, 2234, 1987; (2) W. 
GorecW, R. Andreani. C. Berthier, M. B. Armand, M. Mali, J. Ross, and D. Brinkman, Solid State Ionics, 18&19, 295, 

(1985) ; (3) M. LeVeque. J. F. LeNest. A. Gandini, and H. Cheradame, J. Power Sources, 14. 23, (1986); (4) A. Boundah. 
F. Daiard, D. Deroo, and M. B. Armand, Soiid State ionics, 1S&T3, 287, (1936); (5) J. E. Weston and B. C. H. Steele, 
Solid State Ionics, 7. 81, (1982); (6) P. Fertoni, G. Giodelii, A. Magistris, and M. Sanesi, Solid State Ionics. 18&19, 265, 

(1986) ; (7) M. LeVeque. J. F. LeNest A Gandini, and H. Cheradame, ' ^IcorTOlekulaire Chemie Rapid Communica- 
tions. 4. 497, (1983)] U + Wisport numbers for ion conductors formed by the^dissolution of a lithium salt in a polyether 
normally fall in the range 0.15-0.45. Accordingly, it is dear that the ion cofnductors described in the present invention 
have much greater Li* transport numbers than for formed by the dissolution of a lithium salt in a polyether. They also 
exhibit high ion conductivities at room temperature 

[0045] Having now fully described the present invention, it will be apparent to one of ordnary skill in the art that many 
changes and modifications can be made thereto without departing from the spirit or scope of the present invention as 
setforth herein including the^appended claims. 

ISwf nioleciiie^a^ 

Graeme nng' The'al^me^c^Sl fSlyrhe? Sfykf^e'p^^ 
ring is bonded to the above mentioned polymer or molecule, and captures anions resuttingrfromdissolution oia sarL rAn 
ion conductor includes the substrate, and a salt combined with the substrate. In the ion conductor, the anions resulting 
from the salt are captured by the boroxine ring, but the cations resulting therefrom are transported. Jhu?,lOT^r^uction 




1 . A substrate for an ion conductor, comprising: 



a polymer or molecule capable of sustaining ion conduction; 'and 

a boroxine ring bonded to the po*Vmer or molecule capable; cf sustaining ion conduction, which captures ani- 
ons resulting from a dissolved salt: "^^) • • - 

2. The substrate according to Claim 1 , wheran said boroxine ring is triaikoxyboraxine. 

3. The substrate according to Qaim 1 , wherein the polymer 'at molecule capable of sustaining ion conduction includes 
an ether chain. 

4. The substrate according to Qaim 3, wherein the ether chain is at least one member selected from the group con- 
sisting of emer ch^r^'containing etnyie^^^ * • - * 

* : ■■ "w * • ■ . •■ ■. . * . ■ * 

5. The substrate according to Claim 3, wherein the ether chain is expressed by (-CHa-CI-^-O-). 

,.\ : i V'.. w f ' . -'~''.vv;jF c • . . * ,; K;f:<;. -Ci" ^v- •'..:> 

6. The substrate according to Claim 1. wherein said polymer or molecule capable of sustaining ion conduction 
includes the^stnjcture ^ expre^ed by the following chemie^ . > , * ; - . / 
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70 



0-(CH2CH20)nCH3 

:t,.v..-; v.-j'. • ^ v. •..»».•{' 

O" "0 



°-(CH2CH20)m 



i ' "!'* '-Vh ■1.;., 



(l) 



75 



7. The substrate according to Claim 6, wherein said polymer or molecule capable of sustaining ion conduction 
includes the structure expressed by the following chemical formula (2): 



20 



25 



30 



/ 



O-(CH2CH20)m 
i 

cr^o 
B "cr B -cu. 



(CH2CH20)m 



(2) 



35 8. The substrate according to Claim 1 , wherein said polymer or molecule capable of sustaining ion conduction is 
made from polyethylene glycol and polyethylene glycol monomethyl ether. 

9. The substrate according to Claim 8. wherein the polyethylene glycol has an ether chain length described by the 
number of repeat units "n" in the range of from 2 to 9. 



40 



45 



so 



55 



10. The substrate according to Claim 9, wherein the polyethylene glycol is tetraethylene glycol. 

11. The substrate according to Claim 1, wherein said polymer or molecule capable of sustaining ton conduction is 
made from polyethylene glycol, polyethylene glycol monomethyl ether and triol glycerol propoxylate. 

12. The substrate according to Claim 1 1, wherein the polyethylene glycol has an ether chain length described by the 
number of repeat units "n" in the range of from 2 to 9. 

13. The substrate according to Claim 12. wherein the polyethylene glycol is tetraethylene glycol. 

14. An ion conductor, comprising: 

the substrate set forth in Claim 1 ; and 
a salt combined with the substrate. 

15. The ion conductor according to Claim 14. wherein said salt is at least one member selected from the group con- 
sisting of an alkali metal salt and an alkaline-earth metal salt. 



10 



EP0 898 319 A1 



16. The ion conductor accord ng to Claim 15. wherein the alkali metal salt is a lithium salt 



J . / 



17. The ion conductor according to Claim 16. wherein the alkali metal salt is at least one member selected from the 
group consisting of Li(CF 3 S02) 2 N. UCF 3 S0 3l |UBF4. LiCl0 4 , UBr. LiC! and UPF 6 . , > j 

18. The ion conductor according to Claim 16. whierein the ratio between the number of said bproxine rings and the 
number of lithium ions resulting from the lithium salt falls in the range of from 1 to 20 with respect to one lithium ion. 
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FIG. 4 
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FIG. 5 
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FIG. 8 




• 


LKCP3SGK-2N 




LiTrif : 


▲ 


LiBP4 




LiBr 


X 


LiCl : 


■ 


LiPF6 




No Salt [ 



140 zeo; zao , ;n : 



a a a"40 a eo 

is *o» mi n-'i-oT r\i-*zi: £.f ■ 



a*?- fell -|i,l£ 

■ 5*1.* *< L-iV r-$*nu;-or. C- 



Ml f- -i ) 



16 



EP 0 898 319 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 4309 



V ^ . 

DOCUMENTS CONSIDERED TO BE REL'EVANT 




Category 


Citation ol document with indication, where appropriate, 
of relevant passaqes 


Relevant 
. to claim 


CLASSIFICATION OF THE 
APPLICATION <lnt.C1.6) 


E 


EP 0T856- 901 -A-( MOL-I- ENERGY— 1-9-90 -LTD.)- , 

5 August 1998 

* claims 2,8,13 * 


U2, . , 
14-17 * ^ 

i 


H01M6/18i 
H01B1/12 
C07F5/05 


P,X 


MEHT!A ( M. A. ET AL: CHEMISTRY LETTERS., 
vol.!9, 31 July 1997, pages 915-916, 
XP00 5 2085988 
TOKYjO JP 

* the whel e document * 


1-18 \ ' 




A 


WO 97 16862 A (UNIV ARIZONA) 9 May 1997 
* claims 1,3 * * 

1 

i *■ ;i 

c ■ -* i: 


1 • 

0 

' S T.'v<J 






c • '~ r:> 




TECHNICAL FIELDS 
SEARCHED {tnt.Ct-6) 






H01M 




, :.. ; . ' , * 

c^u.i i •• * • ■ ~ - 


A. '" 


V i: '~- v. 
1 •>-•-' 

i y 


i 
I 














; *C 




i 




i 




The present search report has been drawrl up for all claims 


(3di o: 





THE HAGUE 



2/ November - I9 r 9fe v " I ' Andrews, M 



CATEGORY OF CiTEO COCLIMENTS 

X : parttcUarty relevant if taken alono 

Y : particularly relevant if combined with another 

document ol the same category 
A : technotogicai background 
O : non-writtan disclosure 
P : intermediate document 



T: theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
O : document cited in the application 
L : document cued for other reason* 



i ': member of ine same patent family, corresponding 
document 



-• :; ••, 



